Hemin, an iron-binding porphyrin, inhibits HIF-1α induction through its binding with heat shock protein 90.
Hypoxia and growth factor stimulation induce hypoxia-inducible factor-1α (HIF-1α), conferring upon cancer cells the ability to adapt to microenvironments and enhance proliferation, angiogenesis and metastasis. Hemin, an iron-binding porphyrin, has been used to treat porphyria attacks, particularly in acute intermittent porphyria. Although the anti-inflammatory and antitumor effects of hemin were reported, no information is available regarding its effect on HIF-1α. Our study investigated whether hemin and other protoporphyrin compounds have the ability to inhibit HIF-1α activity, and if so, what is the molecular basis of inhibition. Hemin treatment prevented CoCl(2) -induced HIF-1α expression. HIF-1α inhibition by hemin resulted from an increase in its facilitated ubiquitination and degradation, as shown by the experimental results using cychloheximide treatment and ubiquitination assays. Consistently, hemin repressed HIF-1α-dependent gene transactivation. Intriguingly, hemin directly impeded the binding between heat shock protein 90 (HSP90) and HIF-1α, which was reversed by the addition of an excess amount of ATP required for HSP90 activity. In addition, hemin decreased the expression of client proteins of HSP90. Thus, the inhibition of HIF-1α activity by hemin might result from its interaction with HSP90. Moreover, treatment of protoporphyrin IX, ZnPP or Co(III)PP, but not Mn(III)PP, inhibited HIF-1α induction, indicating that protoporphyrin ring in association with the nature of binding metal leads to HSP90 inhibition. In an in vivo model, hemin treatment inhibited not only the formation of new vessels but also cancer cell proliferation and migration/invasion, supporting the notion that hemin may be applied to the prevention and/or treatment of angiogenesis and/or cancer metastasis.